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FOREWORD

This final report covers the work performed by Autonetics Division
of North American Rockwell Corporation under a study contract entitled
Reconfigurable G&C computer Study for Space Station Use. The report
is submitted to the National Aeronautics and Space Administration
Manned Spacecraft Center under the requirements of Contract NAS 9-10416.
The study program covered the period from December 29, 1969 through
January 31, 1971. The NASA Technical Monitor was Mr. E. S. Chevers.

The final report consists of seven {7) volumes:

Volume 1 Technical Summary

Volume II Final Technical Report

Volume III Appendix I. Model Specification

Volume IV Appendix 2. IOP - VCS Detailed Design

Volume V Appendix 3. System Analysis and Trade-Offs
‘Volume VI Appendix 4. Software and Simulation Description

and Results
Volume VII Appendix 5. D-200 Computer Family

Appendix 6, System Error Analysis

Appendix 7. Reliability Derivation for Candidate
Computers

Appendix 8, Power Converter Design Data

Appendix 9. Data Transmission Medium Design

’YOU ARE READING THIS VOLUME
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1.0 RGC ASSEMBLY PRCGRAM

1.1 INTRODUCTION

This section describes the RGC assembly program from a user's standpoint.
The program is available in card deck form compatible with the IBM S360 at Autonetics
or the XDS Sigma 5 at NASA MSC.

1.2 SYMBOLIC NOTATION
1.2.1 Symbols

A symbol is a string of from one to six alphabetic or numeric characters
the first of which is non-numeric. The legitimate characters are the letters A
to Z and the digits O to 9. The value of a symbol is defined by its appearance
in the location field of an input card. Every symbol appearing in a program must
be defined once and only once.

There are ten special symbols, 9 are used to reference RGC computer registers;
these are: Rl (Register 1), R2 (Register 2), . . . ., R9 (Register 9). The asterisk,
*, is used to designate the current memory address being assembled; i.e., the address
specified by the location field.

1.2.2 Symbolic Expressions

A symbolic expression is a decimal integer, a symbol (including the special
symbols),‘or e symbol and an integer connected by the arithmetic operator + or -,

1.3 INPUT DESCRIPTION

Programs for the RGC computer system are written in s symbolic assembly
language consisting of symbolic instructions, data items, storage assigmments,
and comments. A symbolic instruction is either a direct machine instruction or
an assembler pseudo-operation. Data items can be either decimal integers, decimal
numbers stored in floating point format, or BCD character strings. Storage
assignment and allocation is accomplished through the use of assembler pseudo-
operations. Comments may be included with an instruction or date item or may be
inserted as desired in the program sequence.

Symbolic instructions and data items are punched one per card (EBCDIC) in
the following general format:

1. Location Field Card colums 1-6

2. Operation Field Card columns 8-10

3. Variable field Card columns 16-72
4, Comments Field Card colums 17-T2
5. Tag Field Card columm T2

6. Identification Field Card columns T2-80

41
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1.3 (Continued)
NOTES:

1. A blank column must separate the variable field from the comments
field.

2, Card column 7 must be blank.

3. If the location field is not blenk; it must have a character
in card column 1.

1.3,1 Location Field

This field generally defines the memory location to be assigned to the
corresponding instruction. For purposes of assenbly, memory addresses can
range fram 0000 through 9999.

The location field may contain one of the following:

l. Blank - a blank location field will cause the assembler to
assign the next sequential memory location.

2. Symbol -~ any legitimate symbol other than the 11 special
symbols. The memory location will be assigned as described
for a blank field.

3. Asterisk - this is a special case and designhates a comments
card. When an asterisk, ¥, is punched in column 1, the
assembler does not process the card, but reproduces it on
the output listing.

1l.3.2 Operation Field

The operation field contains a 1= to 3-character mnemonic defining an RGC
computer instruction or assembler pseudo-operation. The legitimate computer
instructions are described in Section 8.2.2, Vol. 2. The assembler pseudo-
operations are described in & later section.

1.3.3 Variable Field

This field is used to identify and define any variable data associated with
the instruction or pseudo-operation specified in the operation field. The format
of the variable field for pseudo-operations is described individually in a later
section. The formet of the variable field for machine instructions is given in
Section 8.2.2, Vol. 2; however, generally, this field contains up to three subfields
separated by camas. Each subfield contains a symbolic expression which specifies
an RGC memory address, register, or machine flag.
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1.3.3 (Continued)

In addition, address modification (indexing) can be designated by appending
& dollar sign, $, to the symbolic expression. The dollar sign is followed by a
digit from 1 £0 9 to specify the particular register to be used.

1.3.4 Comments Field

The coments field begins with the first blank column after column 16. It
can contain any string of alphanumeric (EBCDIC) characters. This field is not
interpreted by the assembler, but is reproduced on the output listing and is used
to increase program readsbility.

1.3.5 TIdentification Field

The identification field is used to identify and serialize the program card
deck. This field is not interpreted by the assembler, but is reproduced on the
output listing.

1.3.6 Tag Field

This field is only meaningful for machine instructions. An asterisk in the
field designates that a time synchronization is to be performed in the simulator
prior to executing the machine instruction. This is accomplished in the simulator
by insuring thiat all CPUs and IOPs have been simulated up to the time of this
instruction prior to to proceeding with the simulation. The main purpose of this
feature is to insure realistic timing relationships between processors where
instruction execution causes processor (CPU/IOP) interaction.

1.4 PROGRAM MODULARITY

It is often desirable to load/execute programs or subprograms in areas of
memory other than those in which the programs were assembled. Additionally, in &
redundant computer system it may be necessary to load a single program module
(subprogram) into more than one memory module. This requires facilities to enable
definition of progrem sub-units and to allow program relocation.

The assembler provides the. "MOD" pseudo-operation to facilitate sub-unit
definition. This feature allows & program module to be identified with a
symbolic name by which it can be subsequently referenced during the simulator
loading process.

In order to facilitate the relocation process, the assembler (and computer
simulator) utilizes displacement addressing; i.e., addressing relative to the program
counter, for all operands accessed from memory. For example, if the operands of an
ADD instruction in loc. 1400 were located in 1300 and 1301, the operand addresses
generated by the assembler in the punched output deck would be ~100 and -99,
respectively. Note that the printed output will reflect the asctual memory addresses.

4-3
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1.5 STORAGF PROTECTION

The RGC computer system provides & memory storage protection feature on an
individual memory address basis. This feature is essentially & binary indicator
associated with each memory or flag address which is used to determine whether
modification of the contents of the address are permitted during program execution.
The storage protection indicators are set during the simulator loading process and
the setting for each address is specified in the assembly program output deck.

As part of the simulator initialization process, all memory locations are
established as unprotected prior to the memory loading process. All machine
instructions and data items are assembled into protected memory locations (no
modification permitted) unless an RSP pseudo operation is encountered. This pseudo
operation causes subsequent instructions and date to be assembled in unprotected
locations. Note that the BSS, MB, and FB pseudo operations, while reserving
memory addresses, do not actually load data. Therefore, these operations do not
affect the storage protection indicators.

1.6 PSEUDO-OPERATIONS

This section describes the available assembler pseudo-operations which can
be used for storage allocation, data generation, assembly mode control, etc.

1. TTL (Title)

Format: l. Location Field - Blank
2. Veriable Field - Alphanumeric characters

Description: The current page on the output listing is
ejected. All subsequent pages will be headed
with the characters in the variable field until
another TTL card is encountered.

2. SP (Space)
Format: l. Location Field - Blank

2. Variable Field - A positive decimal integer
less than 10.

Descriptions The output listing is advenced the number of
lines specified in the variable field.

3. EJ (Eject)

Format: l. Location Field -~ Blank
2. Variable Field - Blank

Description: The current page on the output listing is ejected.
4, END (End)
Format: 1. Location Field - Blank
2. Variable Field -~ Blank

4-4
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5.

Description:
NIK (No Deck)
Format:

Description:

EU (Equate)

Format:

Description:

¢RrG (Origin)

Format:

Description:

C70-171/301

This card signifies the end of the source
progrem deck; it must be present as the last
card of each program.

1. ZLocation Field - Blank
2. Varieble Field - Blank

Punching of the output card deck is inhibited.

1. Location Field - Symbol (except special symbols)

- 2. Variasble Field - Symbolic expression

The symbol in the location field is assigned the
value of the expression in the variable field.
Note that any symbol appearing in the variable

field must have been previously defined.

1. Location Field - Blank
2. Variable Field - Symbolic Expression

The next location assigned by the assembler is
determined by the variable field.

ADR (Address Constant)

Format:

Descriptions

l. Location Field - Symbol or Blank
2. Variable Field - Symbolic Expression

The value of the expression in the variable field
is assembled in the current location in the decimal
integer format.

DEC (Decimal Constant)

Format:

Description:

l. Location Field - Symbol or Blank
2. Variable Field -~ A decimal number of the form
+ 123.4567E12,

The number in the variable field is assembled in
the current location. If-no decimal point appears
in the number, it is assembled in the integer
format, otherwise 1t is assembled in the floating-
point format. The E-notation is used to designate
decimal exponentiation.
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10 @

11.

13.

1k,
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BSS (Block Started by Symbol)

Format:

Description:

l. Location Field - Symbol or Blank
2. Variable Field - Symbolic Expression

A sequential block of memory locations is reserved.
The length of the block is equal to the value of
the expression in the variable field. Note that
any symbol sppearing in the varisble field must have
been previously defined.

MB (Memory Block) and FB (Flag Block)

Same as BSS.

Supplied as a documentation aid in distinguishing data

word blocks from flag word blocks.

RSP (Release Storage Protect)

Format:

Description:

1l. Location Field - Blank
2. Variable Field - Blank

Subsequent machine instructions and data items will
be assembled in "unprotected" memory locations.

FLG (Initialize Flags)

Format:

Description:

1. Location Field - Blank
2. Variable Field - Symbolic Expression, Binary
String

A Dlock of flags starting with the address determined
by the value of the expression in the lst subfield

of the variable field is set to the state(s) specified
by the digits in the 2nd subfield. (Where 1 = True,

0 = False). The length of the block is determined by
the number of binary digits in the 2nd subfield.

MOD (Module Definition)

Format:

Description:

1. Location Field - Blank
2. Variable Field - Symbol

A program module is defined with the name specified
in the variable field. All subsequent instructions
and data will be associated with this module until
another MOD pseudo-operation is encountered. A MOD
card must appear in the progrem deck prior to the
first machine instruction.

4-6
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1.7 ERROR DETECTION

During the assembly process, certain types of source program errors msy be
discovered. These errors will be indicated by an alphabetic designator on the
output listing. The following 1s & preliminery list of the error types along with
the elphabetic designator:

U Undefined symbol: a symbol appears in & variable field
but never appears in a location field.

M Multiply defined symbol: a symbol appears in more than
one location field.

L Location field error: something other than a legitimate
symbol appears in the location field.

0 Operation code error: something other than a legitimate
operation code mnemonic appears in the operation field.

F Varisble field format error: the format of the variable
field is incorrect.

A Variable field addressing error: an address in the variable
field is illegitimate or a symbol in the variable field
refers to a different memory module than the instruction
location. )

T Variable field indexing error: one or more of the index
register specifications is illegitimate.

1.8 OUTPUT DESCRIPTION

The Assembly Progrem generates output in both printed and punched card form.
The printed output consists of the Program Listing, Symbol List, and Module List.
The punched card output is referred to as the program Object Deck.

Examples of the printed output msy be seen in Volume 6, Appendix I of this
report.

1.8.1 Progrem Listing

The program listing will provide a hard-copy listing of the input source
cards together with assembler-generated data. The informastion will be presented
in a one source card per line format.

1.8.2 Symbol List
The symbol list will directly follow the program listing and contains an

alphabetically ordered list of all symbols appearing in the program together with
thelr value.
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1.8.3 Module List

The module list will directly follow the symbol list and contains an
alphabetically ordered list of all program modules defined in the program
together with the starting and ending locations assembled in the module.
1.8.4 Object Deck

The object deck is punched in EBCDIC format and contains a numeric represen-
tation of the assembled program for input into the Simulator progream.
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2.0 RGC SYSTEM SIMULATION PRCGRAM

2.1 INTRODUCTION

. This section describes the RGC System Simulation program from a user'’s
standpoint. The program is available in card deck form compatible with the
IBM S360 at Autonetics or the XDS Sigme 5 at MASA MSC.

2.2 GENERAL

The RGC System Simulation program provides a functional, interpretive
simulation of the RGC computer system described in Section 8.2.2, Volume 2.
The simulator is executed in a non-interactive batch processing enviromment.
Programs written for the RGC computer system are processed by the RGC Assembly
Program which produces a punched card deck suitable for input to the simulator.
These programs, together with appropriate simulation control cards, constitute
the input for & simulation run. Execution of the simulation consists of
reproducing instruction by instruction operation of the central processing
and input/output processing units of the RGC computer system while maintaining
s pseudo real time reference. This process continues until terminated by
the time limit, specified on a control card, is exceeded or a non-recoverable
condition is created in the simulated system.

2.3 INPUT DESCRIPTION

~ The input card deck is composed of three types of data: 1) simulation
control, 2) fault events, and 3) object programs. The first two types may
be placed in any order but they both must precede the third type. The general
card format for all date except object programs is as follows:

1. Time Field Card columns l=8
2. Operation Field Card columns 10-12
3.. Varisble Field Card columns 16-T1
4, Continuation Field Card column T2

5. Identification Field Card columns T3-80

Time Field - Thié field contains a decimal number of up to 8
digits or a decimal number of up to 6 digits followid by an "E"
and another digit. The "E" designator denotes decimal exponentiation.

Operation Field = This field contains & 1 -« to 3«character mnemonic
designating one of a predetermined set of cotrol or fault options.

Variable Field -~ This field can contain multiple subfields separated
by commas. HEach subfield contains & decimal integer or a 1 - to 6=
character alphameric symbol. '

Continuation Field - This field is applicable only to Fault
Event data; the letter "T" in this field indicates that the
value of the time field is to be continued for the next cards.

4-9
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2.3.1

Identification Field -

C70-171/301

This field is not interpreted by the

simulator.

It can be used for identification and serialization
of the input deck.

Simulation Control Cards

The following is & list of the simulation control options:

1.

2.

3

ll'@

TTL

Format:

Description:

LIM

Format:

Description:

TIM
Format:

Description:

MSZ

Format:

Description:

(Title)

The variable field contains a string of alpha-
meric characters.

The character string in the variable field
is reproduced at the top of each page of the
output listing.

(Execution Time Limit)

The variable field contains a decimal integer <

999,999,999-

The simulation execution will be terminated if
the simulation clock exceeds the number in the
variable field. The units of time are tenths
of microseconds.

(Simulation Time Resolution)
The variable field contains a decimal integer.

The numter in the variable field specifies the
width of the maximum time slot associated with
CPU/I¢P updating cycle; i.e., the maximum pseudo
real-time difference between any two CPUs/I¢Ps
during simulation. The time units

tenths of microseconds.

D, F (Memory Size)

a) The time field contains a decimal integer (1-8)

b) " The variable field contains 2 subfields each
containing s decimal integer.

The memory module designated by the time field is
assigned M date locations end F flag locations.
If more than one MSZ cerd is included, D and F
must be the same on all cards.
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(Continued)
5. MIC

Format:

Descriptions

6. CPU

Format:

Description:

7. TIOP

Format:

Description:

C70-171/301

0, A, B (Memory Initial Conditions)
a) The time field contains a decimel integer (1-8)

b) The variable field contains 3 subfields, each
containing e decimal integer.

The memory module designated by the time field

is initialized to the conditions specified in the
variable field, where O is the access option (1-5)
and A and B are the sddresses (1-8) on Bus A and
Bus B respectively. A MSZ card must appear in the
deck prior to any MIC cards.

N /11, Dy,/Ip, Do,... (CPU)

The varisble field contains an optional number of
subfields separated by commas and slashes (/).

The CPU designated by N, the first subfield, is
initialized to the conditions specified by the
remaining subfields. The number immediately
following & slash must be an integer, 1-12, and
selects the particular parameter to be initialized.
The selected parameter is initialized to the value
specified by the next subfield (D,). The following
is a list of the perameters that can be initialized.

l. Not currently used.

2. Program Counter

3. Compartment (O = Comp. A, 1 = Comp. B)

L. Memory Mode (O = Main Memory, 1 = ROM)

5. Memory Bus (O = Bus' A, 1 = Bus B)

6. Execution Time Clock

T=11 Not currently used.

12. Trace Mode (0 = System Trace, 1 = Inst. Trace)

N /I, Dy, /Ip, Dyseee (Top)

The variable field contains an optional number of
subfields separated by commas and slashes (/)e

The IOP designated by N is initialized to the
conditions specified by the remaining subfields.

The number immediately following a slash must be

an integer, 1-21, and selects the particular
paremeter to be initialized. The selected parameter
is initialized to the value specified by the next
subfield (0,). The following is & list of the
parameters %hat can be initialized:

4-11
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7o

10.

(Continued)

IOP (Continued)

C70-171/301

l. Not currently used
2. Program Counter
3. Compartment (O = Comp. A, 1 = Comp. B)
k. Not currently used
5. Memory Bus (O = Bus A, 1 = Bus B)
6. Execution Time Clock
T=-11l. Not currently used

12. Trace

Mode (0 = System Trace, 1 = Inst. Trace)

13. Real Time Clock Interval
14-19. Not currently used.

20, Watchdog Timer Initial Value

21, Real Time Clock Initial Value

MEM

Format:

Description:

MOD

Format:

Description:

SPM
Format:

Description:

D, N, O (Memory Module)

The variable field contains three subfields. The
first subfield contains either M or R and the other
two subfields contain decimal integers.

Subsequent M@D cards will cause the specified object
program module to be loaded into the memory module
designated by D and N where D specifies either main
memory (M) or read-only memory (R) and N is the
module number. The program will be loaded starting
at the location specified by O.

NAME, L, H (Program Module)
The variable field contains three subfields. The first
subfield contains an alphameric symbol of up to six
characters and the other two subfields contain decimal
integers.
The object program module, NAME, is loaded into the
memory module specified by the most recent MEM card.
L and H are the low and high limits respectively of
the program module.

(start Program Modules)
The variable field is blank.

This card must immediately precede the object
program modules,

4-12
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2.3.,2 Fault BEvent Cards

Fault Event cards follow the generel formet previously described.
The Time Field designates the simulation time at which the fault event is
to be initiated. Multiple faults can be initiated simultaneously by coding
a "T" in the Continuation Field of the first Fault Event card, and leaving
the Time Field of subsequent cerds blank.

The Operation Field must contain one of the following mnemonics:
1. SFL (Start Fault List)

This card designates the beginning of the Fault Event
cards; it must be the first card in the Fault Event deck.

2. FKFL (End Fault List)
This card designates the end of the Fault Event cards; it
must be the last card in the Fault Event deck.

The general format for the variable field on the following cards contains
three subfields: 1) fault type, 2) fault duration, and 3) fault data. The
subfields are separated by commas and each contains a decimal integer. The
first subfield selects one of a pre-determined set of fault types associated
with the particulsr operation code. The second subfield specifies the time
duration, if any, for the fault event. The third subfield is used to specify
any variable data associated with a particular fault type.

3. CP1, CP2, CP3, CPk (CPU Fault)

These cards designate a fault event for the specified CPU.,
The veriable field follows the standard format. The fault types
which:are currently implemented are listed below:

(8) Register read fault
(9) Register write.fault
(10) Program control fault

k., 7101, 702, 103, IOk (IOP Fault)

These cards designate a fault event for the specified TOP..
The varieble field follows the standerd formast. The fault
types which are currently implemented are listed below:

(10) Program control fault

4-13
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2.3.2 (Continued)

5. MM, MM2, ..., MMB (Memory Module Fault)

These cards designate a fault event for the specified
memory modules The variable field follows the standard
formet. The fault types which are currently implemented
are listed below:

(3) Operand Read Fault

(%) Operand Write Fault
(5) Flag Read Fault
(6) Flag Write Fault
(7) Instruction Read Fault
6. VCl, V€2, VC3, VCh (VCS Fault)

These cards designate a fault event for the specified
VCS. The variable field follows the standard format. The
fault types which are currently implemented are listed belows

(1) Ss-Matrix Fault - the data field for this fault
type contains a four-digit number, each digit
corresponding to one column of the S-Matrix.
The digits must be 0, 1, or 2 and have the
following significance:

permenent "O" in the column
permanent "1" in the column

0
1
2 normal operation of the column

nun

(2) P-Matrix Logic Fault

2.3.3 Object Programs

The object program modules can be included in the input deck in the
same form as they were generated by the Assembly Program. The program
modules may be included in any order, but all modules must be grouped together
and preceded by SPM (Start Progrem Modules) card.

2.4 OUTPUT DESCRIPTION

There are two primary mode/formats of printed output available in the
simulation program. The most detailed format is the instruction-by-instruction
trace mode. In the mode, simulated execution of every CPU and IOP instruction
causes a line of trace to be printed. The line conteins the simulation time,
instruction type, .operand addresses, and operand values. A title line indicates
each time the simulation is switched from one processor to another. In addition,
significant VCS activity is traced as in the system trace mode.

4-.14
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2.4 (Continued)

The system trace mcde provides a greatly improved output format from
the standpoint of readability and visibility for overall simulated system
operation. In the mode, only significant simulation activity causes printed
output to be generated. Using the "Print" pseudo-operations, the programmer
can control program execution tracing internal to his program such that
significant events within the program execution path will cause text or
data to be listed on the simulator output listing together with the simulation
time. Section U4 of this appendix contains & sample of this output mode. The
following is a list of the messages generated by the simulator in this mode.
Underscores in the messages indicate places where variable data would be
included:

1. "MEMORY ACCESS ERROR. CPU INTERRUPT NO. 2"

This message is generated if a storage protect viodlation or a
bus access violation occurs in & CPU.

2, "MEMORY ACCESS ERROR. IOP INTERRUPT NO. 4"
This message is analogous to No. 1 for an IOP.
3. "LOAD VCS . P-MiRX () = "

This message is printed when an LP instruction is executed by
an IOP.

k. "LOAD VCS + R-MIRX (_) = "

This message is analogous to No. 3 for an LR instruction.

5. "OUTPUT MSG TYPE TO COMPUTER(S) "
"DATA = — " T —————
This message is printed when an OC instruction is executed by
an IOP.

6. "EXCESSIVE ERRGRS ( ) ON BUS SWITCH TO VCS "
This message is printed when an I0P transmission mode switch
occurse.

T. "LOAD VS WPRD = LEVEL =
Rl = R2 = R3 = _ o

This message is printed as & result of an 0S, OSN, IS, or ISN
instruction being executed by an I¢P and indicates that a data
word has been transmitted to a VCS.

4-15
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2.4 - (Continued)

8.

10.

11.

"INPUT FR{M LP ON BUS(S) DATA = "

This message is printed when an input transmission occurs due
to execution of an IS or ISN instruction by an IfP. ' :
THERERR YOS OUTPUT RESULT = HRHHRHR

This message is printed when a word is transmitted on a bus
through a VCS.

"yes P-MIRX = R-MIRX = "

This message is printed when the state of the P or R matrix is
changed.

"VCS S-MIRX = "

This message is printed when a voting operation takes place in
a8 VCS.
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3.0 RGC SOFTWARE SYSTEM

This section contains flow diagrams and listings of the Executive,
Resource Controller, and Input/Output program modules which comprise the
RGC Software System. In some cases, the flow diagrams make reference to
progrem symbols. The following is a list of these symbols and their
significance to the programs:

BK1FLG

CAMCR

cpmgp

E1VAS1, E2VAS1
E1VAS2, E2VAS2
INIFLG

IPFLG, IPFLG+L
IPFLG+2, IPFLG+3

IfNULL

NCAMCR

PV@TE

RATE

SCuMP

A flag set by the CPU to cause a "backgroumd"
message to be transmitted by the I¢P.

Four flags that designate which of the four
computers currently have criticel status.

Four flags that designate which of the four computers
currently have operational status.

Four of the Error Status flags used by the Resource
Controller for error analysis.

A flag used to inhibit I/0 transmission during
system initialization. It is set by the Executive.

Four flags used to specify which of the four I/0
cycles has most recently been campleted.

A flag which ceuses the IOP to bypass the critical
1/0 when the computer is not in critical status.

Four flags that designate the new or updated value
of CYMCR during the transition period following a
reconfiguration.

Four flags which represent a given computer's "vote"
on the operational status of the other computers.
This will be identical to CPMPP except when the
Resource Controller detects a failure in another
computer.

A word which specifies the computation frequency
currently being scheduled by the Executive. The
expression, (RATE), is used to designate "the
contents of RATE".

Four flags which contain the most recent sample of
the S-Matrix of the Primary VCS after the critical
I/O cycle.



3.0 (Continued)

SSTEST

STESTP, STESTS

TMFLG

TRANCT

VCSAS

VCSOP

VCSPR.

VCSsC

VCSSP

VISTC

CT0-171/301

Four flags which contain the most recent sample
of the S-Matrix after the System Status Test.

Eight flags which contain the most recent sample
of the S-Matrix after the VCS test for the Primary
(STESTP) and Secondary (STESTS) VCSs.

A flag which specifies which of the two test
messages is to be transmitted during the VCS
test. .

A word used as a flag to indicate that a transition

-from non-critical to critical status is occurring

in some computer.

A word that designates which VCS is currently
assigned as Associate.

Four flags that designate which of the four VCSs
currently have operational status.

A word that designates which VCS is currently
assigned as Primary.

A word that designates which VCS is currently
assigned as Secondary.

A word that designates which VCS is currently
assigned as Spare.

A word used as a module I counter to identify
which of the VCS Test combinations is to be
performed.



C70-171/301

COMFUTER ASSICHMES

1

ADD ADDITIORAL
COMPUTER FROM

CfMPP INTO NCPMCR

-2

18 "MY" COl -
IK NCPMCR

RESEY ISWULL

| o)

SET IMILL

-

ESET Wpc

4-19
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EXRCUTIVE - RATE SCHEDULES
R P RV i onaras = L

RATSCH

GO TO TASK
SPECIFIED
BY TASKCT

SET (RATE) |
T0

"I NITIALIZED" ,

J

INITIALIZE

FOR (RATE)

TASKCT il l

INCREMERT
TASKCT
POR (RATE)

TASKS IR
(RATE

COMPLETED

?



EXECUTIVE - REAL TIME CLOCK

e

| FRIET "CPU PROGRAM BALT" |

— e v e Kot e — o—t

WATCADOG FIMER

{

18 OBE & OHLY OHE
I§FLG FLAG SET?

0

BASED ON WHICH

SET MRATE

I@FLG WAS SET

C70-171/301

o~ — — REC TETERRUPT

18 THIS COHFUTE

SET (MRATE)

PRINT "MALFURCTION |
' DEFECTED BY EXECUTIVE

HALY

— e m—

4-21
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v

imm us

Y

8ET IOFLG+3

OUTPUT BACKZROUND

MESSAGE TO ALL I¢Ps

FROM PRIMARY VCS
(STORE IN SCUMP)

'

‘ RESET INIFLG

'

SAMPLE S-mtrx
FROM SECONDARY VCS
(STORE IK SCUMS)

LOAD R-mtrx in
PRIMARY VCS WITH CHwpp

'

OUTFUT SYSTEM STATUS
MESSAGE TO PRIMARY VCS

y

SAMPLE S-wmbrxx FROM l

PRIMARY VCS l
(STORE I SSTEST) |

1

RESET S-mtrx:
IR PRIMARY VCS

OUTPUT SYSTEM STATUS |
MESSAGE TO ALL IOP's

i

SAMPLE P-mtrx FROM
PRIMARY & SECONDARY VCSES
(STORE IN PMIXP & PMIXS)

t

(STORE IN RMTXP & RMI'XS)

SAMPLE R-mtrx FROM
PRIMARY & SECONDARY UCSES

—

]
S

SET I@FLG+2

OUTPUT VCS TEST
MESSAGE #1 TO
PRIMARY * SECOMDARY VCSES

OUTPUT VCS TEST
MESSAGE #2 0
PRIMARY & SECONDARY VCSES

)

¥

SAMPLE S-mtrx FROM
PRIMARY & SECOEDARY VCSES
(STORE 1I¥ STESTP & STESTS)

¥

REBET S-mbrx

IH ALL VCSES

4-22
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L |
FRIP? “SCANAL"

L

SET n = 1b

DO 1's IN EPATL (n)
MATCH WITH 1's IN
ERROR STATUS FLAG PATTERN

188

DO 1's IN EPATO (n)
MATCH WITH O's IN
ERROR STATUS FLAG PATTERNW

4-23



] SET § = l-n [@

C70-171/301

ASSIGRERT SUBROUTINE

(o)

R — =
IR TVCASIH'

[ SET K = # OF OPERATIOMAL VCSES |

B

#VC8 %1) = YCSPR
veg (2) = vesse
ves {(3) = vesas
ves (b) = vesap

—~( 18 VCS(n)* OPERATIONAL? )— I ! pEcREMENT K |
X *
2 . 3 INCREMENT n |
\/
2]
| sEr vesrm = vossc | n = by )—%
¥ YEs
| SET VCSSC = VCSAS
SET VCEAS = VCSSP |
SET VCSSP = 0
[ pEcREMENT
fatd § = 07
K=0? YES .
m 1
SET VCSSP = lat IS THERE ONLY ONE
OMASSIGNED, OFER, VCS OPERATTONAL VCS

’ ¥ YES
®0 o YES | SET vessc = veseR
—




C70-171/301
REBOURCE COFIROLIER

- STSTEM COEFIGURATOR

ANY ERROR STATUS\

NO

FLAGS SET? /

YES

*___k____*_

| — "SYSTEM STATUS" '

| PRINT (cpugp), (cBcR), (voage),

(vcsm),(vcssc) (vcsAs), v*rs'rc)

'T




€70-171/301

7
PMTXP = CFMPP? ves —(merxe s-lmxsa

KO
SET Cpngrc AGREE 1AS? cYCLEr )] ST T |
i o
SET cfngp SAVE ERROR ‘
EQUAL TO PMETXP |. | IEDICATION |
- vy

(merxe - rrxs?)

”
(e T )8 |
o

l SAVE ERROR
IXDICATION

r

INCREMENT VTSTC_‘

VISTC >h? YES [sm- VISTC = 1
[ RESET TMFLG
DOES VISTC = "MY" YES
COMPUTER NUMBER )"“‘—‘—“’i SET TMFLG |
"
RECYRF

4-26
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6

IS "ﬂ" BIT Ii IES

SSTEST sm/ SET_WIXFLO
W

“ARY ERRORS , »| SET ERROR

LAST CYCLE? COUNTER = 1

SAME COMPUTER % > SAVE COMPUTER

NUMBER
YES
SET E2S8T -

SET INDICATOR FOR
PRIMARY VCS

PR

<v-rm¢c

SET IRDICATOR FOR
SECONDARY VCS

&

N

4-27



€70-171/301
RESOURCE CONFROLLER - INPUT/OUTPUT MOKITOR AND TEST

RESET ELCVP o1
*| aND, E1LMAS 1,

SET ELCVP
MORE THAK ONE BIT\ YES
I¥ SCUMP SET? >‘_" —{ SET ELLMAS
¥
ANY ERRORS o
LAST CYCLE? /
| YEs
N0 SAVE COMPUTER
(same com_lmr)__—_——-» NONDER
YES
THREE CYCLES INCREMENT SET ERROR
IN A ROW? ERROR COUNTER COUNTER = 1

YES
¥
SET E3CVP




C70-171/301

EX¥CUTIVE - 1/0 STATUS UPDATE SUBROUTIEE

REBET  “oeer 19P mmmss:to?

RESET K1VASL \( moDE FLAG A1
SET
SET E2VASL
- SE2 TEST ELVASL
RESET
L
SET ELVAS1
BD
RESET / TEST 1P mmmssxo
RESET ELVAS2 }‘——_—_C MODE FLAG #2 )
SET
SET E2VAS2 SET TEST E1VAS2
$ RESET
SET ELVAS2
_ o)
(nozs TRAKCT = O )
¥
| PRINT "TRANSITION FROM |
| HONCRITICAL TO YES INCREMENT TRANCT \
__ CRITICAL COMPLETED" | AND TEST FOR ZERO /
Ceriwr (cpcm)! SET CPMCR EQUAL

| WD (nc¢mn) B  TO HCPMCR

4-29
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INFUT/OUFPUT PROGRAM - IWSUT

EETER MDDE
(8BC MASK = cgmgP)

— —- START CYCLE
SIGNAL
TEST
SET TOP TRANSMISSION ‘ IgWULL
l TEST 1\ _
TOAD P-mtrx /\—Ifqu
IN ALL VCSES SET
WITH PVPTE
DELAY
—1 900 us
LOAD R-mtrx —
IN CRITICAL VCSES [ PRINT "EXECUTE |
NITH OPMCR | RATE 1 INPUT/ |
| OUTPUT CYCLE" |
i OUTH i_ LE"
I“ﬁ‘“s’l,i,;;* %s PERFORM RATE 1
INFUT/OUTPUT | WITH ZEROS INPUT/OUTPUT
\ I |
OUTFUT RTC 4 OUTPUT RTL
MODIFIABLE DATA - | {moprFIaBLE DATA
TO ALL IOP's IHCREMENT & EVEN TO ALL IOP's
FEST RTL COUNTER .
ODD ‘
Y | seT 1fFG
EVEN INCREMENT &
TEST RT2 COUNTER V
ODbD 'PEIE"R_A—T_E 1l
| 1/0 COMPLETE" |
o
X ¥

1 kA”J




C70-171/301

L.0 SIMULATION

L.1 I@P/7CS OPERATION

This section contains & listing of eight simulation cases run to
verify proper operation of the voting function in the I@P/VCS. Three
IOP were simulated and for each case, & different combination of data/
timing was simulated. The conditions and results of the cages are
summarized below:

I0P 1 I0P 2 IOP 3 Results
- ) . In
Inst. |Data¥* {Timing] Inst.] Data¥X Timi Inst.|Data* | Timing S-Matrix

Case 1 0S 1 To 08 1 | Tot+b 0S 1 T,+26 0000
Case 2 0S 1 To 0S8 1 | Totik!| 08 1 Tot+35 0010
Case 3 08 2 To 0s 1 | Tot+7 08 2 Tot+1h 0100
Case 4 08 1 To 08 1 | Totho| o8 1 To+ll 0000
Case 5 08 3 To 0S 3 |To+tho{ 08 3 To+blh 1000
Case 6 IS L To IS L | To+6 Is bt To 0010
Case T IS 5 To IS 5 |To+26| IS 5 Tot+b 0000
Case 8 TSN 51 To | ISN 5 |To ISN 5 To+1h 1000

*Data Message #1
! Data Message #o
; Data Message #3
' Data Message #4
. Data Message #4!
* Data Message #5
' Data Message #5

Output to LP#L - 111111, 212121

Output to LP#l - 121212, 222222

Output to LP#l - 131313, 232323, 323232
Input request - 1 word from LP#l

Input request - 1 word from LP#2

Input request - 3 words from LP#
Input request - 3 words from LP#2

(L | | B (I 1}

4-31



CT70-171/301

4,2  SYSTEM OPERATION

This section contains & listing of a simulation run used to verify
total system operation with three computers operating. Refer to the flow
diagram in Section 3 and the Simulator description in Section 2 for des-
cription of the printed messages and the program sequence and flow.
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